White mold (Sclerotinia sclerotiorum) is one of the most important fungal diseases that affect soybean, primarily due to the production of resistant structures called sclerotia. The disease is difficult to control, and sources of genetic resistance are poorly understood. As such, the present study aimed to assess the resistance of soybean genotypes to white mold in two agroecosystems in the Brazil (Barreiras-BA, and Jataí-GO) and analyze the relationship between the disease incidence and the phenotypic characteristics of the genotypes, as well as determine the lodging index, crop cycle and yield. A total of 165 and 33 genotypes were assessed in the regions of Barreiras and Jataí, respectively. To verify the effect of the area, 37 genotypes were planted in both regions. The area effect was assessed for the study variables, and the correlation was significant between the disease and lodging, cycle and production. Considering resistance, area and yield, genotypes ANTA82, 2011L003, 2011L005 exhibited the highest yield and resistance to white mold.
Introduction
Soybean [Glycine max (L.) Merr.], currently the most important crop in the country is grown in all the geographic regions of Brazil, the second largest producer and leading exporter of soybean worldwide (CONAB, 2015) . Among the main problems that can take to decreased productivity, diseases are ones of the primary causes of yield loss, highlighting the fungus Sclerotinia sclerotiorum (Lib.) de Bary, the causative agent of white mold, also known as soybean stem white rot (JULIATTI et al., 2013b) . This aggressive, polyphagous, devastating and difficult-to-control species is recognized as one of the most critical crop pathosystems (BOLTON et al., 2006; ZHAO et al., 2015) , with damage affecting more than 60% of Central Brazil (CUNHA et al., 2010; WRATHER et al., 2010) .
The disease is difficult to control, and sources of genetic resistance are little known. Concerning the control of plant diseases, the use of known resistant varieties has produced better, more economical results that have less effect on the environment (WRATHER et al., 2010) . Complete resistance to white mold has yet to be reported in soybean crops (KURLE et al., 2001) , and the disease seems to be governed by quantitative traits (QTL), suggesting a multiple-locus model (ZHAO et al., 2015) .
Partial resistance to S. sclerotiorum in soybean cultivars has been identified in field assessments, but current resistance sources of commercial cultivars are limited and do not prevent significant crop yield loss (WEGULO et al., 1998; YANG et al., 1999; DIERS, 2000) . For more efficient control, the use of genotypes that exhibit partial resistance deserves attention. Only partial resistance associated with escape mechanisms or physiological resistance to S. sclerotiorum has been widely used (HOFFMAN et al., 2002) .
Little is known in Brazil about the partial resistance of soybean varieties to white mold, which limits the development of germplasm with this type of resistance. Since partial resistance may promote economically viable control of the disease, it should be the object of soybean breeding programs. However, studies on soybean resistance to white mold are scarce, prompting the development of breeding strategies to assess the effects of S. sclerotiorum in future cultivars DIERS, 2000; GARCIA et al., 2015) . Given the importance of soybean in Brazil and concern about compromised production caused by increasing yield losses, assessing the resistance of genotypes to S. sclerotiorum is a key component in the integrated management of the disease. As such, this study aimed to assess the resistance of soybean genotypes to white mold and study the relationship between the disease incidence and the phenotypic characteristics of the genotypes.
Material and Methods
The two experiments were conducted in an area naturally infested by Sclerotinia sclerotiorum, in the municipalities of Barreiras in Bahia (BA) state and Jataí, Goias (GO) state, Brazil, during the 2011/12 growth season. In both regions, planting involved a conventional system, using a four-row seeder in the experimental plots, without chemical spraying to control white mold. Population density ranged from 10 to 18 plants per linear meter, in line with cultivar recommendations for each region, according to the breeding company.
In the municipality of Barreiras, BA, planting occurred on November 14 and 165 genotypes were used, 17 commercial cultivars and 148 breeding lines in the first and second year of value for cultivation and use (VCU), from maturity groups between 7.5 and 9.1. In Jataí, GO, planting was carried out on October 12, and 63 soybean genotypes were used, 13 commercial cultivars and 50 strains in the first and second year of VCU, from maturity groups between 6.8 and 8.2. A total of 37 genotypes were tested in each area, 30 strains in the first and second year of VCU and seven commercial cultivars, from maturity groups ranging from 7.0 to 8.2. The experimental design was conducted in random blocks with three repetitions, 165 treatments in Barreiras-BA and 63 in Jataí-GO. The experimental plots consisted of four 6-meter long rows spaced 0.5 m apart, the study area is the two central rows, eliminating 0.5 m at both ends.
The disease was assessed 90 days after planting (DAP) when the materials were between phases R4 and R6 (FEHR et al., 1971) . Disease incidence was assessed in the plants from the two central rows of the plot, using a 9-point scale, where 1 = 0% of infected plants; 2 = 1 to 10%; 3 = 11 to 20%; 4 = 21 to 35%; 5 = 36 to 50%; 6 = 51 to 65%; 7 = 66 to 75%; 8 = 76 to 85%; 9 = ˃ 85%. The agronomic characteristics lodging, yield and cultivar cycle were also assessed in each area. For the first characteristic, a 9-point scale adapted by Bernard et al. (1965) was used, as follows: 1= erect plants and 9 = extremely lodged plants. The yield was obtained by harvesting the two central rows of the plots. The yield was measured, and bean moisture content determined using a Gehaka G600i portable moisture meter. The cycle of each cultivar was quantified as the number of days between planting and physiological maturity, that is, phenological stage R7.
The incidence rate, lodging, yield and cycle data were submitted to analysis of variance and, when significant, the means were cluster using the Scott-Knott Revista de Agricultura Neotropical, Cassilândia-MS, v. 5, n. 1, p. 7-16, jan./mar. 2018 test (P<0.05). Pearson's correlation coefficient (P<0.05) was determined by disease incidence and the lodging index, genotype cycles and yield (kg ha -1 ). The Sisvar 5.3 system (FERREIRA, 2011) was used for analysis.
Results and Discussion
Assessment of disease incidence in Barreiras/BA showed the formation of 3 response to white mold groups. Group 1 exhibited high resistance, with incidence scores between 1.11 and 3.33. This group was composed of 212 genotypes, five commercial cultivars and 16 strains. Group 2 displayed intermediate resistance, with an incidence ranging from 3.67 to 5.40 and consisting of 49 genotypes, seven commercial cultivars and 42 strains. Group 3, the most susceptible, contained 95 genotypes, five cultivars and 90 strains (Table 1) .
The cultivars ANTA82, P98Y12, M7639RR, NA7337RR and P98Y30, showed the lowest disease incidence, followed by 2011L003 and 2011L84, and 14 more strains. The cultivars ANTA82 and NA7337RR were considered a super-early cycle for the region, while P98Y12, 2011L84, 2011L003 and M7639RR exhibited an early cycle ( Table 1 ). As such, in both cases, the assessment of disease incidence the genotypes in Barreiras/BA, these may have been favored by possible disease escape due to early maturation. According to Yang et al. (1999) , the incidence of S. sclerotiorum in soybean cultivars is related to the maturation groups. According to these authors, longcycle cultivars are more susceptible, due to the more extended flowering period, which causes higher predisposition to infection by ascospores. Cultivar P98Y30, which exhibited an average cycle in the region, is promising concerning resistance to white mold since it showed an incidence rate of 1.93.
The culture cycle is a factor that interferes with the final severity of the disease. The longer the culture in the field, the higher the chance of disease occurring. The lodging index is another a variable that must be considered, since resistant to bedding cultivars with upright plants, good air circulation and rapid drying within the canopy of the crop are factors that can significantly reduce the intensity of white mold in soybean. About lodging index, five groups were formed. The first group contained 61 genotypes with a lodging index between 1.00 and 1.80, considered the most erect, with ten cultivars and 51 strains. In the second group, the lodging ranged from 2.00 to 2.33 and consisted of 35 genotypes, three cultivars and 32 strains. The third group, with lodging between 2.67 and 3.67, was composed of 29 genotypes, three cultivars and 26 strains. The fourth and fifth groups, with intermediateto-high lodging indices, were represented by 39 strains (Table 1) . Of the 17 commercial cultivars tested, ten belonged to the first group, namely ANTA82, P98Y12, NA7337RR, NA7255RR and P98Y51, followed by P98Y30, M9144RR, P98Y11, TMG-132RR and P98Y70. The lodging index is a variable that should be considered, given that plants of lodging-resistant cultivars are the most erect, allowing good air circulation and rapid elimination of moisture in the canopy of the crop. These characteristics are factors that may significantly reduce the incidence of white mold in soybean (BOLAND; HALL, 1987; KIM et al., 1999; JULIATTI et al., 2013a) .
About yield, two groups were formed. The first group, with 73 genotypes, consisted of 66 strains and seven cultivars, with a yield ranging from 6,147 kg ha -1 to 4,736 kg ha -1 . The second group, with a yield between 4,701 kg ha -1 and 2,247 kg ha -1 , was composed of 92 genotypes, 82 strains and ten cultivars ( Table 1) .
The most productive of the commercial cultivars was P98Y51, which did not differ significantly from P98Y70, M7639RR, TMG-132RR, M8527RR, P99R03 and M9144RR. The least productive was AS8380RR, which did not differ statistically from P98Y12, P98Y11, NA7255RR, TMG1176RR, M7908RR, M8230RR, NA7337RR, ANTA82 and P98Y30.
In the trial conducted in Jataí and Barreiras, three groups of cultivars were observed based on the incidence rate, considering the 63 genotypes tested ( Table 2 ). The first group, the most resistant, with an incidence rate ranging from 1 to 2.33, consisted of 12 genotypes, with strains 2011L003, 2010L013 and 2010L011 obtaining the lowest rates, followed by the commercial cultivars NA7337RR and ANTA82, and seven other strains. Group two, considered moderately susceptible, with an incidence rate between 3 and 4.33, was composed of 14 genotypes, two cultivars (POTÊNCIA-RR and VMAXRR), and 12 strains. Group three, the most susceptible, consisted of 37 genotypes, nine cultivars and 28 strains.
Of the strains with a low incidence rate for white mold, 2010L013 and 2010L011 exhibited an early cycle in the region, while 2011L003 displayed a late cycle and the other genotypes an intermediate cycle. Cultivar ANTA82 showed the highest resistance, lowest lodging index and was classified in the super-early maturation group in Barreiras/BA, which may have favored disease escape, but in Jataí/GO this cultivar exhibited an intermediate cycle and moderate resistance to S. sclerotiorum (Table 2) , which may lead to the conclusion that other factors besides the cycle may have disadvantaged the development of the disease. As the strain 2011L003, since it is a late cycle, thereby favoring the development of the disease, deserves attention in future studies given that it is resistant to white mold in the two regions.
Revista de Agricultura Neotropical, Cassilândia-MS, v. 5, n. 1, p. 7-16, jan./mar. 2018 Three groups were formed in Jataí, based on the lodging index, the first with the lowest index, ranging from 1 to 2.33, and composed of 44 genotypes (Table  2) . Lodging in the second group, with ten genotypes, varied between 2.67 and 3.67 and the third group had nine genotypes with lodging between 4.00 and 5.50.
Strains 2010L013, 2010L011 and 2011L003 showed a low incidence rate and low lodging index. By contrast, cultivars NA7255RR, AS7307RR and P98Y11 displayed a low lodging index but were more susceptible to the disease. These results indicate that, although the lodging index is a variable that modifies the physiological behavior of the crop, which may lead to a reduction in disease intensity, other factors linked to the genetic base of the plant may be associated with the consistent expression of resistance reactions (YANG et al., 1999; JULIATTI et al., 2013a; ZHAO et al., 2015) . Another possible explanation for this phenotypic instability may be the influence of gene expression with quantitative trait effects in the host plant, responsible for modulating the complex resistance of soybean to white mold (VUONG et al., 2008; ZHAO et al., 2015) .
It is known that environmental conditions interfere in host physiology. Genotypes that act in different maturity groups, as a function of different agroecosystems, may express different degrees of susceptibility, especially when climatic conditions favor the development of white mold (VIDIC et al., 2013) . of the disease. The commercial cultivars with the highest yields were AS7307RR, V-MAX-RR, and POTENCIA-RR, with average yields of 6,635, 6,549 and 6,402 kg ha -1 , respectively, not statistically different from TMG123RR and ANTA82. Analysis of 37 genotypes planted in both areas (Barreiras/BA, and Jataí/GO) showed no significant interaction between the area and genotype concerning white mold incidence. The most resistant group contained five genotypes, ANTA82, 2011L003, NA7337RR, 2011L005, and 2011L006, since it maintained the degree of resistance when planted in both regions (Table 3) . A significant positive correlation was observed between lodging and disease incidence and between genotype cycle and disease incidence, that is, the larger the lodging index and crop cycle, the higher the incidence of the disease. Pearson's coefficient showed a significant negative correlation between soybean yield and disease incidence, that is, the higher the incidence, the lower the yield (Table 4) .
For most genotypes, the lodging index was higher for Barreiras, and the cycles of all the strains were higher in Jataí than in Barreiras. About yield, two strains, 2011L021 and 2011L027 increased in Barreiras, with a rise of 27% and 34%, respectively. Strains 2011L005 and 2011L015 showed a yield increase in Jataí, with a rise of 23 and 36%, respectively, which demonstrates adaptability and stability in different regions.
As observed in this study, 29 genotypes maintained their incidence levels at the different study sites. Some authors have reported partial resistance expression in field assessments (GRAU; RADKE, 1984; WEGULO et al., 1998; KIM et al., 1999; YANG et al., 1999) . Studies conducted by Kim e Diers (2000) show significant genotype-environment interaction in populations of soybean genotypes in four environments in Michigan, USA. These authors found that the reaction of cultivars to S. sclerotiorum may be influenced by environmental factors, similar to what was observed here. Genetic evidence of physiological resistance and prevention mechanisms against white mold was described by Kim e Diers (2000) in the mapping of three QTL genes. Two loci are related to prevention mechanisms and are primarily associated with flowering time, plant height and lodging index. The third locus likely accounts for the partial physiological resistance of the plant. Most studies show that at least four different genomic regions are involved in the plant resistance response to soybean white mold (ZHAO et al., 2015) .
Conclusions
In different agroecosystems, the environment influenced the cultivar maturation cycle in the two areas, in addition to the significant interaction observed between disease incidence and both the cycle and yield.
In Barreiras, BA, the cultivar M7639RR and strains 2011L003, 2011L006, 2011L129, and 2011L155 showed high resistance, high yield and low lodging index, which are promising signs for the region.
In Jataí, GO the cultivar ANTA82 and strains 2010L011, 2010L010, 2010L012 and 2011L005 were selected for their high yield, low disease incidence, and low lodging index.
Genotypes 2011L005, 2011L003, 2011L006, NA7337RR, and ANTA82, exhibited stability with low disease incidence, low lodging index, and high yield.
